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PREDICTTVETEST 



The present invention reia.es ,„ . ,es, which can he used ,o predic, pre-eclampsia in 

pregnant women. F 



Pre-eclamps.a is a disorder of human pregnancy which affects around 5 ,o !0% of 
pregnane, The undoing cause of pre-edampsia remans unciear in spi.e of 
extens.ve chnical and basic research. Pre-eclampsia is ,he def.ni.ion given ,„ ,he 
co„d,.,o„ ,„ pregnancy in which e,eva,ed blood pressure is associ,ed wi.h pro.einuria 
Pre-ec,amps,a ,s dis,„c. from eclampsia which is addi.io„a„y associated wi.h 
onvu s.ons Pre-eclampsia is defined in Souhami * Moxham Te» book ofMedicim 
Second ed,o„, Churchi,, Living (I994 , as an abnormal rise in b.ood pressuri 
between , e f.rs. and second halves of pregnancy of, 30/20 mmHg, with abnormal 
uratelevels of >0.35 mmo„ a. 3 2 weeks or >«,» W .hereafter, associa.ed wi, 
pr .e,nuna, ,mpa,red rena, ft.nc.ion and dotting disorders. The consciences of pre- 
eclamps.a are serious and inCude reduced u,erop.acen.a, perfusion, foe.a, growm 
-ardafon, pre-term birth, and increased foeta, and ma.erna. morbidity and mor.a,,y. 

There have been many a„em P ,s .o provide a rehab.e predict test have suggested 
assays for the leve.s of circuiting biochemica, markers in ,he mo.he,s blood bu, ,o 
d e .he scenMc ii.eran.re on this issue is contradictor .and inconciusive The 

^ TlTr T ide " ,if,ed 35 """'« » nation of 

levels m.gh. be pred,c.,ve of pre-edampsia in maternal plasma: progesterone 
oes^d.o , human chorionic go„ado,rophin (hCO), ^o^^^ 
(CRP), adrenocomcrophin. Conversely, levels of oes,riol, human P ,ace„„ .acogen 
and coruso, are unchanged or decreased. WhHst circulating CRF has been proposed as 
a prog„os,,c marker for preeclampsia, treatment of hypertension does no, influence 
maternal CRF ,eve,s and nor has any correlation been found between CRF lev , an d 
mean blood pressure. 
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Other possible markers which have been suggested are Activin A and Inhibin a. 
Activin is a hypophysiotrophic factor produced by the placenta which is know to act as 
a growth factor having activity in modulating cell growth and differentiation. 

5 Currently, there are three forms of activin which are recognised to exist as 
homodimeric proteins: Activin A (PaPa), Activin AB (PaPb) and Activin B (PbPb) in 
which the subunits are linked by disulphide bridges. Inhibins are heterodimeric 
proteins consisting of ap A (Inhibin A) and ap B (Inhibin B) subunits also linked by 
disulphide bridges. Additionally monomeric inhibin a subunits are present in the 

10 circulation and follicular fluid. Inhibin is thought to have an endocrine role which 
inhibits pituitary production of follicle-stimulating hormone (FSH). Muttikrishna et al 
{The Lancet 349 1285-1288 (1997)) have proposed that Activin A and Inhibin A might 
be suitable markers for the onset of pre-eclampsia. These proteins were suggested 
because they were thought to be more sensitive markers than hCG or corticotrophin- 

15 releasing hormone where there is a considerable overlap in elevated hormone levels 
between control and pre-eclamptic women. 

However, it has now been found that a predictive test for pre-eclampsia which is based 
on levels of human chorionic gonadotrophin (hCG) and Inhibin A can in fact provide a 
20 surprisingly improved level of predictiveness over previously known tests. 

According to a first aspect of the invention there is provided a method of predicting 
the onset of pre-eclampsia in a pregnant woman, the method comprising the steps of: 

25 (a) obtaining a sample of blood from the woman; 

(b) subsequently assaying the sample for the levels of human chorionic 
gonadotrophin (hCG) and Inhibin A present in the sample; and 



comparing the levels of human chorionic gonadotropin (hCG) and 
Inhibin A present in the sample with those in a control sample to 
provide a prediction of the probability of the onset of pre-eclampsia in 
the woman. y 
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Subjects, methods, and results 

We used serum collected between 1973 and 1975 from the John Radcliffe Maternity Hospital, 
Oxford. Pre-eclampsia was defined as (i) a rise in systolic and diastolic pressure during 
pregnancy of 30 and 20 mm of mercury respectively, compared with the level found at the 
first antenatal booking visit; (ii) proteinuria greater than lOmg % in a mid-stream urine 
sample; (iii) renal impairment as judged by the elevation of plasma uric acid levels of 6 mg 
% or more. Nineteen women had blood samples taken after 12 weeks' gestation stored at - 
40 °C. Nine women had one sample, seven had two samples, and three had three samples. 
For each sample we identified three controls, selected at random from the patients attending 
the hospital who had provided a blood sample at the same gestational age in the same 
calendar quarter and were the same age. Neither cases nor controls were associated with 
Down's syndrome or neural tube defects. Serum alphafetoprotein (AFP) and free jS-human 
chorionic gonadotrophin (hCG) were measured using the Wallac-Delfia kit, unconjugated 
oestriol (uE-J using the Ortho Clinical Diagnostics kit, and inhibin A using the assay kit 
produced by Serotec. One sample was sufficient only to measure inhibin A. For each serum 
marker, the logs of the medians for the controols were plotted by gestational age and a 
regression line fitted. The predicted marker values for each gestational age were estimated. 
All markers were expressed as multiples of their predicted median values for the controls 
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(that is, MoMs). 



All analyses were also completed by using the marker values for each case expressed as a 
multiple of the median value of its three controls. This removes the need to model the 
relationship of the markers with gestational age. The results did not differ significantly from 

those presented here. 

The data were analysed using robust regression with the cluster option in STATA 6 to take 
account of repeat samples of some of the women. Table 1 shows the results for the four 
markers used classified according to the onset of proteinuria. Inhibin A and free /3-hCG 
values are raised in the pregnancies with pre-eclampsia and the level increases with 
decreasing time prior to proteinuria and is highest in women after the diagnosis of the 
disorder. Within three weeks of the onset of proteinuria the mean inhibin A value was 3.18 
times the median for controls (95% CI, 1.98-5.11), and the mean free 0-hCG 3.43 (1.58- 
7.42). Even 10 weeks prior to the onset of proteinuria these two markers were elevated. The 
mean UE3 was significantly reduced in the controls, within three weeks of the onset of 

proteinuria, MoM = 0.51 (95% CI 0 4? n w 

Ji ^o/c ci, U.42-0.62), but appears to rise again after onset of 

proteinuria. 
Comment 

Our results show ,ha. inhibin A and free 0-hCG are useful for second trimester serum 
markers for pre-eclampsia. Each provided some independent predictive information because 
•hey were no, totally correlated. Figures 1 and 2 and table 2 demonstrate tha, both the inhibit 
A and free (3-hCG data fit log Gaussian distributions reasonably well. Table 2 shows the 
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observed and expected (using the log Gaussian model) number of affected pregnancies above 
specified inhibin A and free jS-hCG levels. The correspondence is good. Based on the 
multivariate Gaussian model using the parameters in table 3 (based on results prior to the 
onset of proteinuria) in combination they yield a 40% detection rate for a 5% false-positive 
rate. The reduction in u&j needs to be investigated in further studies. These estimates are 
tentative because they are based on small numbers but provide an indication of the potential 
use of Down's syndrome screening markers in the prediction of pre-eclampsia. It provides 
the opportunity to undertake randomised prevention trials in women at high risk of pre- 
eclampsia identified at the time of screening for Down's syndrome. — — —7- 
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Legends for figures: 
Figure 1: 



Probability plot of the inhibin , levels in maternal serum in pre-eclamosia 
pregnanc.es (n=23) and unaffected pregnancies (n=96) collected bet™ the 
onset of proteinuria.. MoM = multiples of the normal median for unSjected 
pregnancies of the same gestational age. unartected 



Figure 2: 
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